Plant material and culture conditions. Experimental plants were grown in a tropical greenhouse within a collection of carnivorous plants. The plants were grown in plastic pots (diameter: 12 cm; depth: 10 cm) with peat moss and perlite, and placed in a tray filled with rainwater (depth: 2 cm). Daily temperatures fluctuated between 20 and 35 • C, relative air humidity was 50-80 % and maximum daily irradiance was 1500 µmol m-2 s-1 PAR (photosynthetically active radiation). Subadult or adult plants (3 months old) of similar size were used for all the experiments.
with a decreasing grade of ETOH series and washed twice with 10mM PBS for 5 minutes. The slides were incubated in 10% DMSO, 3% NP40 in 10 mM PBS for 30 minutes at RT and then in blocking solution (10 mM PBS, 0.1% (v/v) Tween 20, 1.5% (v/v) Glycine, and 5% (w/v) BSA) for 45 minutes at RT. After washing in PBS (3 times /10 minutes each) the slides were incubated with anti-IAA antibody (1:600, Agrisera AS06 193) in blocking solution overnight at 4 • C and finally with goat anti rabbit antibody (1:250, Abcam, ab150077) for 45 minutes at RT. The slides were mounted with Fluoromount Acqueous mounting medium F4680) . At least 10 stack images (every 1µm) were acquired with Leica SP2 laser scanning confocal microscope. Each sequence of image stacks has been analyzed with the Intensity statistics package of Icy Software http://icy.bioimageanalysis.org/ first detecting two regions of interests (ROI), corresponding to the upper and lower layer of the leaf, and then extracting the average intensity normalized by the area of the ROI for each stack.
Auxin quantification in leaves by gas chromatography-mass spectrometry. Auxin was quantified using gas chromatographymass spectrometry according to (1) . Tissue was collected from D. capensis leaves in both open and closed conditions. Leaves to be analyzed were chosen among mature leaves with similar size and morphology. We replicated the experiment three times collecting the tissues independently from different plants. For each independent experiment, tissue was collected from two open leaves (dissecting the entire trap region) while for closed leaves tissue was collected from five leaves by dissecting them from a small region surrounding the bent portion of the leaf (roughly 12mm in length and weighting approximately 8mg). Closure was induced by placing a drop of 10ml of cow milk in the central portion of the leaf and tissue was collected 40 minutes after induction. Tissue collection for both open and closed leaves was done simultaneously according to the description above. In each case, the collected tissue was weighted and rapidly frozen in liquid nitrogen to avoid auxin accumulation due to cutting. Finally, samples were kept at -80 • C until use.
For each measurement, 40-50 mg of leaves were quickly homogenized by adding 2-propanol (HPLC grade). The mixture was centrifuged at room temperature (RT) for 10 minutes at 3500 rpm and 1.5 mL of ethereal diazomethane solution prepared as described below was added to the supernatant. After stirring for 1 minute at RT, the solution was filtered with 0.45 micron PTFE filter and collected in a capped gas chromatography vial. 3-acetic-indoleacetic acid (40mg, crystalline auxin plant cell culture tested, cod. I2886, Sigma) was used as positive control and prepared as described above.
The derivatized samples were processed by using an ISQ QD Single Quadrupole GC-MS (Thermo Fisher) equipped with a VF-5ms (30 m x 0.25 mm i.d. x 0.25 µm; Agilent Technology). Injection volume: 1 µL. Oven program: 50 • C for 2 minutes; then 10 • C/minute to 280 • C for 10 minutes; Run Time 35 minutes. Helium was used as the gas carrier. SS Inlet: Mode Splitless. Inlet temperature: 280 • C. Flow 1.0 mL/min. MS transfer line: 290 • C. Ion source: 290 • C. Ionization mode: electron impact: 70 eV. Acquisition mode: full scan and SIM mode, monitoring for ions at m/z values of 130, 136, 189 and 195, with a dwell time of 50 ms per ion. The retention time of derivatized auxin was identified properly analyzing a solution of methylated standard in full scan mode. The mass spectra of all the derivatized samples were compared with that of the methylated standard as confirmation with and without diazomethane solution.
Diazomethane solution was prepared as following: potassium hydroxyde (3.00 g, 53.47 mmol) was dissolved in ethanol (6 mL) and water (4.6 mL) directly in a round bottom flask and the flask heated at 65 • C. A solution of Diazald (3.00 g, 14.00 mmol) in diehtylether (27 mL) was prepared under protective atmosphere and this solution was transferred into the equilibrated dropping funnel. Before the addition, all the glassware was connected under a gentle flow of nitrogen (5 mL min) and the outlet of the Claisen condenser was connected to a trap containing hydrochloric acid (or glacial acetic acid). The collecting flask (two neck round bottom flask equipped with a rubber septum) was connected with 10 mL of diethyl ether and kept at -78 • C. Dropwise (20-30 minutes), the ethereal Diazald solution was added to the basic solution. A bright yellow color developed in the collecting flask, this indicating the diazomethane started to concentrate in the diethyl ether. The ethereal diazomethane was stored at -78 • C.
Tensile tests. Uniaxial tensile tests were carried out by dynamical mechanical thermal analyzer (TA Instrument DMA mod. Q800) equipped with tension clamp for low modulus materials testing. Leaf specimens were vertically clamped to guarantee a gauge length of about 10 mm. Due to lanceolate shape an average cross section was evaluated after measuring leaf widths and thicknesses close to the two clamps. Tensile measurements were performed, at stabilized temperature of 30 • C, in force controlled mode with a loading rate of 1 N/min up to sample fracture. Statistically significant uniaxial stress/strain results were obtained on a sample batch of seven leaf specimens.
Measurement of the bending moment. The closure of a trap was stimulated by putting a droplet (50 µl approx) of fresh raw cow milk on the upper surface of a leaf. To achieve an optimal stimulus, droplets were placed at a distance from the tip of the leaf corresponding to 0.25-0.3 times the length of its region populated by tentacles. Once a stable folding was achieved, the bottom part of the leaf at the folding point was supported by using a narrow horizontal bridge, which acted as a fulcrum. The height of the bridge was adjusted with sub-millimetre resolution by using a vertical rail so that, with the system at rest, the bridge touched the leaf without imposing any mechanical stress onto it. The upper part of the tip of the leaf was pierced by using a small sewing needle (size 10/70), and a thin cotton yarn (Radix N. 50) with a small knot at one of its ends was inserted into the leaf. The other end of the thread was fixed to a load cell (accuracy 10 −4 N) fixed at a vertical translation stage located vertically under the leaf. The position of the vertical stage was arranged so that the thread was fully extended, the only mechanical tension being determined by the weight of the thread itself. The reading of the load cell was zeroed and the cell was then gradually lowered by using the translation stage until the curvature of the leaf at the point of folding was not apparent any more. Care was taken to arrange the system so that at this stage the thread was perpendicular both to the leaf 249  250  251  252  253  254  255  256  257  258  259  260  261  262  263  264  265  266  267  268  269  270  271  272  273  274  275  276  277  278  279  280  281  282  283  284  285  286  287  288  289  290  291  292  293  294  295  296  297  298  299  300  301  302  303  304  305  306  307  308  309  310   311  312  313  314  315  316  317  318  319  320  321  322  323  324  325  326  327  328  329  330  331  332  333  334  335  336  337  338  339  340  341  342  343  344  345  346  347  348  349  350  351  352  353  354  355  356  357  358  359  360  361  362  363  364  365  366  367  368  369  370  371  372   3 of 18 and to the surface of the load cell. The reading F of the traction force exerted by the leaf was recorded, together with the length l of the lever arm measured with a vernier caliper as the distance from the piercing point to the point of folding. The modulus of the torque exerted by the leaf was determined as M = F l, with an accuracy of the order of 10%. In particular, the error bars associated with the measuring errors have been estimated as ∆l = ±0.2mm and ∆F = ±10 −3 N. Notice that these errors are smaller than the statistical variations due the biological variability of the leaves. 3D printing. 3D models of the simulated structures have been produced by adding width to each bond. Samples are then produced by means of 3D printing, using the fused deposition modeling technique. In this method, the final structure is produced by laying down many successive thin layers of molten plastic. Each layer thickness is 0.8ns, where the nozzle size is ns = 0.4mm. The material used is NinjaFlex, a formulated Thermoplastic Polyurethane (TPU) material with super elastic properties. For more details on material properties: http://vexmatech.com/ Compression tests. Printed metamaterial samples with x × y × z dimensions of 14 × 1.5 × 1cm were put under compression load applied by an Instron Electropuls E1000 testing machine which applied a constant strain-rate of 0.02 mm/sec up to 1 kN force limitation. A compression disk with a diameter of 5cm was used to apply the load on xz surface. The amount of applied forced is recorded every 2ms and a gray scale camera (Dalsa Genie HM1024) records pictures of one sample side every second. Throughout the paper, we report engineering stress from this experiment.
Finite element calculations. All finite element simulations were performed in COMSOL Multiphysics 5.3 (2) using the solid mechanics module. In all cases, linear stress-strain relationships were assumed for the constituent material and mesh refinement studies were undertaken to ensure convergence of results.
Simulations of leaf re-opening. A two dimensional geometry was taken from the outline of a typical plant leaf, which was then extruded to create a three dimensional structure of uniform thickness, h = 0.46mm; the length of the leaf is denoted L. This geometry was then split into a tri-layer structure in the direction of leaf thickness. The upper and lower layers were each of thickness h/4, while the central layer was h/2. All layers were assumed to be of equal stiffness, E = 4MPa, and a linear stress-strain relationship was assumed, consistent with experimental data. The structure was constrained in space at the base of the stem, where the leaf stem meets the plant. A region of growth was then defined in the upper and lower layers a distance l from the fixed boundary, the length of this growth region was set as lG =3.0mm, consistent with experimental observations. To simulate the experimental set up shown in Figure 1 , a constraint was added to the leaf structure: Immediately before the region of growth, a boundary along the lower surface of the structure perpendicular to the long axis of the leaf was fixed in space in order to act as a pivot point. Growth was simulated by means of initial strain: In its rest (flat) configuration, an initial strain of s/2 was prescribed to the upper layer, and −s/2 to the lower layer, these initial strains were assumed to act only in the x-direction. The value of s used in the simulations was taken from observations of the folded leaf structure. Denoting the radius of curvature of the folded leaf as R, the ratio of h/R gives a measure of the strain required on the upper and lower regions to create the observed curvature. The structure was then allowed to relax from its initial configuration to the folded structure shown in Figure 1 . A displacement was imposed on the tip of the leaf in order to move the tip back to the plane of zero z displacement, the tip was free to displace in the xy-plane. The reaction force at the tip of the leaf in the z direction (as a result of the constraint at that point) was found and plotted as a function of distance from leaf tip to pivot point (L − l). Figure 2a was chosen as a basis for a two-dimensional bi-material structure, distinguishing cell walls from cell interior. The length of the structure is denoted li and the thickness at the centre of the structure hi. The structure's centre was placed at (0,0). The Young's modulus of both materials were taken to be E = 4MPa while the Poisson's ratio was ν = 0.3 and ν = 0.49 for the cell walls and the cell interior, respectively (3, 4) . To restrain solid body translations and rotations of the structure, a single point at (0, −hi/2) was restrained to have zero displacement in the x and y directions, while a second point at (0, hi/2) was restrained to have zero displacement in the x direction. The structure's rest configuration was then defined such that with an isotropic contraction of the cell wall material, the structure had its equilibrium position shown by the outline in Figure 3c . This contraction was imposed by taking a geometry with an initial internal strain of 20% and allowing the structure to find its equilibrium position. In this initial configuration, the cell walls and cell interior were under tension and compression respectively, representing the effect of turgor pressure. The increase in auxin concentration is linked with cell wall loosening which we simulated through the reduction of the cell wall's Young's modulus. A reduction of 50% induced the displacements shown by the arrows in Figure 3c , while the accompanied reduction in stresses is shown in Figure 2d . As a second test, we also consider the same two-dimensional bi-material structure at rest without internal stresses and induce an homogeneous increase in the pressure of the cell interiors. This setting also leads to bending, as shown in Fig ?? . Figure 4a) . A bilayer geometry was created in COMSOL matching the geometry of the 3-d printed structures. An imposed displacement in the vertical direction of Figure 4a was imposed on the upper boundaries over a region matching the size of the compression disk used in the experimental work. The lower boundary over the same area was fixed in space (see Figure 4) . A quasi-static simulation was then performed allowing for the measurement of reaction force and angle of bending at each simulation step. 373  374  375  376  377  378  379  380  381  382  383  384  385  386  387  388  389  390  391  392  393  394  395  396  397  398  399  400  401  402  403  404  405  406  407  408  409  410  411  412  413  414  415  416  417  418  419  420  421  422  423  424  425  426  427  428  429  430  431  432  433  434   435  436  437  438  439  440  441  442  443  444  445  446  447  448  449  450  451  452  453  454  455  456  457  458  459  460  461  462  463  464  465  466  467  468  469  470  471  472  473  474  475  476  477  478  479  480  481  482  483  484  485  486  487  488  489  490  491  492  493  494  495 Simulations of metamaterials mechanics (Figure 4e) . A bilayer lattice structure was designed so that the upper section has a reentrant hexagonal lattice geometry (all nodes of vertex order 3) with dimensions t = 1mm, l1 = 3.5mm, l2 = 1.06mm, and θ = 45 • (see Figure S11 ). The lower lattice structure has the same geometry but with additional links making each node order 4 (see Figure S11 ). The structure was restrained such that the line of symmetry perpendicular to the long axis of the structure was not permitted to translate in the x direction, and a single point on this line was also restrained from moving in the y direction. Two loading conditions were considered, both are able to induce curvature in the metamaterial structure. First, a uniaxial compressive load was applied symmetrically on boundaries of the structure. The direction of the load evolves throughout the simulation such that it is always normal to the boundary. Secondly, an internal pressure was applied to all closed void regions within the lattice.
Simulations of cell deformations. A histological image reported in
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